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Abstract: This study aims to assess the dynamics of desertification and drought risks and to
analyze ecosystem resilience in the Kalar District, Sulaymaniyah Governorate. It employs
multi-indicator spatial modeling and remote sensing techniques over the period (2000-2025).
The analysis is based on the Normalized Difference Vegetation Index (NDVI) to extract long-
term trends, along with indicators of climatic sensitivity, resistance, and recovery rate,
culminating in the development of a temporally validated composite desertification risk model.
Climatic analysis indicated that the year (2006) represented a relatively wet condition, whereas
(2008) marked a severe drought shock characterized by a significant decline in precipitation.
Resistance analysis for the period (2006-2008) revealed an immediate decline in certain
environmental sectors, reflecting weak initial response in specific areas. However, recovery
analysis for the period (2008-2018) demonstrated the ecosystem’s capacity to regain a
substantial portion of its structural balance, indicating a moderate level of structural resilience
across the region.

Long-term trend analysis (2000-2025) showed that most of the study area experienced a slight
improvement in vegetation cover, covering an area of (1697.88 km?), compared to slight
degradation over (51.26 km?) and very limited significant degradation (0.61 km?). This
suggests the absence of a comprehensive desertification trajectory during the study
period.Following the construction of the composite risk model, fragile areas were estimated at
(123.96 km?), while highly fragile areas accounted for (0.13 km?). For temporal validation,
vegetation response was analyzed between a wet year (2018) and a climatically stressful year
(2021). The results showed a clear decline over (75.56 km?) and slight degradation over
(1428.30 km?). Overlay analysis between the risk model and 2021 vegetation response revealed
that confirmed risk zones covered (106.47 km?), aligning with the structural vulnerability zones
identified by the resilience model.The findings indicate that the ecosystem in Kalar District
does not suffer from widespread desertification; however, it contains localized pockets of
vulnerability that require precise adaptive management. This underscores the importance of
integrating short-term climatic shock analysis with long-term trends in assessing desertification
risk.

Keywords: Desertification, drought risk, ecosystem resilience, spatial modeling, NDVI,
climatic sensitivity, environmental vulnerability.
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